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FOREWORD

This projact was conducted by the U.S, Navy as a2 Departmsnt of Dsfense spproved RED
effort. Alr Force participation inchided assignment of two Alr Force lialson officsrs snd
normal base support during overseas deployment. No Alr Force funding was involved.
Periodic activity reporta were distributed tc appropriate Air Forcs organizations with
v arest In this type of activity, Soms acditicnal testing of subsystems is contimiing at
Pahyvent NAS, Marylasd, vut Pruject MUDDY H'LL Is essentially complsted and its re-
sources absorbed into the U,S, Navy TIM program,

This tschnical report has been reviewed and is approved.

R . s
P V% 7 L.
ABNER B, MARTIN
Chisf, Technical Qosrations Division

Deputy for Limited War
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ABSTRACT

Project Muddy Hlll was sstablished to evaluatc the feasibllity of an alrborne multi-sensor
night rec ~nnajssance system, It was & Navy project, with a modlied Lockheed P-2H a8 the
test veh:cle and U,8, Navy personnel from Pshuxent NAS, Maryland, assigned to manage
and ca>1y ouf the test program. Two Air Forcs officsrs po.ruclp-’nd {n ths program as an
Alr Forcs lalson .eam.

The primary senscis contained (n the alrcraft were a real-tims forward Iocking Infraucd
scanne~, & Jow light level telavision, and a pair of downward 'ockii g inirared recorowng
devicea, After equipment lostallation, moms testing was accomplished at Greecvllle, Texas,
and Patuxent Rtvar, Ma:;land, pefors the projsct deployed io Southeast Asia for operational
Wwiag and svaluation,

The project was located at Udom RTAFD, Thalland, for {four months, and operational mis-
el woo o -.--n wesa LY ] \A-l-ll.ll-n nioas of Laoa, Num:m "‘""m"‘ll pl'obll""" LLL -
clated with the equlpment resulted in exceasivs cut~o.-commission status and margins]
operationa] capabllity, It must ke concluded that ths project was unsuccessf:l in performing
effectivs reconnaissancs in mountainous jungls terrain but its primary value was in re-
vealing dsfic. ~nciss to bs corructad in follow-on programs,

In addttton to securtty requtrements which muat be mat, this abatract ta subject
o apecial export controla an. . . transsittal to foraign govarmmanta or [oratgn
nationsls may be mads only with prior spproval of the Technical Oparaticos Division,

Deputy tor Limited War, Wrtght-Patteraon Air Force Basa, Ohio 43433,
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SECTION 1
INTRODUCTION

The enemy tactict and the topography assoclated with the conflict in Southeast Asla created
& unique prublem which establiched 8 reed for & more effective and possihly new type of night
reconnalssance capahility. In an etiurl to meet this challenge, Project MUDDY HILL was
conceived and propr.acd to the Department of Defense on 23 July 1965. Conceptually, the pro-
ject was designed to provide a scl-ccntatned capnablility to:

8. Fly o a pre-selected point,

b. Search fur and locate targcts.

¢. Collect the rasential intelligence.
d, Mark targets {or follow-up action,

s CT.7maiih "hard cupy usa 1ol post-miseion acnalyais,

The concept was approved and etforts immedistely undertaken to translate the proposal
into 8 working ayatem. A Navy P-2H was made availahle as the test vehicle, and the US
Naval Alr Test Center at Patuxent {tiver, Marvland, ri.eumed cperational control over the
project, LTV Eieircoyztems, Inc,, Greenville, Texas, was selected a8 the prime contrac-
tor to modify the aircraft and Install ana inicyrate the verious subsystems. Contract go-
nhead waa given on 8 February 1966, and the P-211 was dellvered w Grveuriite, Tchad, In
March 1966, Figure ! ahows the aircraft configuratiua,

LTV proceeded with the modificationa arc inernwhile, 1n August 1966, the ivavy aircrew
and maintenance crew arrived st Greenville, The Navy force consisted of seven officers
and 16 enlisted men. The plan at thai time called for filght testing and equipment shake
down until 1 December 1966, st which time the project was acheduled to deploy to Thailand
for operat'onal testing, Since most of the equipmuent was highly developmental, numerous
{roblems aere encountered which caused successive slippases in the deployment schedule,

In December 1966, an Afr Force staff office {AFRDDI) roquestest two Alr Ferce officers
be asaigned to participate In the project and secure information which might he useful In
the Alr Force Shedlight program, Cunsequently, one officer from AF Systems Command
and coe from TAC were assigned TUY to accompany the project to Svutheast Asia, Also,
the Navy maintem.nce crew was rugmented with five contractor technical repreaentatives for
the overseas deployment.

The project deployed during July 1967 to Udorn RTAFB, Th~iland, and conducted test and
operational flights frem that location until the end of November 1967. Operational flights
were {lown over northerm Laos :ind over Route 110 in southern Laca (sometimes referred
to aa "The Sihanouk Trail') to rather both resl time and hard copy Intelligence, The alr-
craft contained no st-ike capability.

The original deployment schedule called for three months at Udorn to conduct reconnais~
sance over Laos and three months st Tan Son Nhut to reconnoliter the MrKong Delta and
coastal aress of South Vietnar, llowever, because of contlnuing prohlems with the sersor
equipment | the Chicf of Naval Operations, Wsshington, D.C., dirested the project to ex-
terd at U'dorn for an additional month and delete the Vietnam phase. The project terminat~d
on 1 Decemher 1967 and returned to the United States,
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SECTION 1"

N DESCR!PTION OF EQU/PMENTS

A st nf equipments {nstalled on the aircraft is given below. Figure 2 ekowe the equipment
iayout. Figure 3 gives the seneor coverage nbtained from an atiitude of 1000 fust. A descrip-
tion of the major equipments e included in Appendix 1.

75 - 1. LT OF EQUIPMENTS

g
ﬂ 2. Senzure
.-‘='-'c_ (1) Downward Looking Infraved Syetem (DLIR) - Two D-5's - Texas Inetruments, Inc,
; ] (2) Forward Looking Infrared Systsm (FLIR) - FLIR IIl - Texss Instrumenta, Inc.
{ ‘?, (3) Low Light Level Televielon (LLLTV) - Dalmo-Victnr, In~.
| a. (4) Active Magnetic Detection Syetsm (AMDS) - Electro-Mechanica Cn.
:.“ (5) Starlight Scope - Electro-Optics Syeteme, Inc.
b. Navigation Equipment
. (1) LORAN C - AN/ARN-78 (modified) - Sperry Rand Cnrp.

. (2) Inertial Navigatinn Syetem - LN-15 - Litton, Inc,

(3) Versaiile Digital Apalyzer (Verdan) Computer - Auvtnnetics Div., North American
Rockwell Cnrp.

(4) Doppler Radar Set - AN/APN-153(V) - Generel Precleion, Inc,

(5) Navigatinn Track Computer - AN/ASN-25 - General Preciaion, Inc.

(5) Roller Map Desd Recknning Dieplay ~ AN/ASN-67 - Applied Sciences, Inc.
c. Mlscellaneous

{1) Terraln Fnllowing Radar (TF7) - APQ-110 - Texas Instruments, Inc,

(2) Digital Data System

(3) Mark II Panoramic Camere Systsm - Perkin-Elmer, Inn,

(4) KA=53A Camers 3ystem - Chicago Aerial Induetries, Inc,

(5) Aerograph Set - AN/AMQ-17

{6) Rsadar Altimetsr

{7} TRIM 7 ané Vectnr Sectnr ECM

SECRET

t--




e

ode] Juewdinby ‘7 eanf g

{A¥IasiO AL) _
(3402€ LHDITWVIE )
{A¥ 4610 MIT4)
WIANIENO MOG
YUIMYI AL T ﬂ

muig

[0 DdVW/ NY)
MaL

({ TOMLINOD Wdlj
{AL 40

. mmﬁf .’ﬁv’« o S AT

YUInRT) vEG-wN

SECRET

StCREY

(€-0) wno
VYHINVI JIAVHONYd II NWYN

WCLY HAdO
HOEMIE AMYMING

HOLYBIAYN

el
WOLYBIAYM LNYIEIEEY

MOAVNILO SOMY/ m32/ 0KWN T

ASD-TR-68-8
1




)
,
)
ﬁ ¥4 000L I® eBwxaa0) Josuag g eaniz
|
ﬁ

SECRET
SECRET

ASD-TR-£8-8




SECREY

ABD-TFE -48-8

SECTION IO
SUMMARY OF FLIGHT OPERATIONS

Teeting in the Southeast Aeia environment wae conducted from 2 August 1967 to 26 Novem- .
ber 19687, Tho flight program consisted of the following categories:

a. Roed and river reconnaieeance miseions on Route 110 and the XeCoux River in Tiger .
Hound section of Laoe; 11 eortiee - 49, 2 heurs,

b, Infrared mapping miseions in the Barrel Roll aector of Laoce; 38 sorties - 9,5 bhours,

¢. Testing, training, and equipment check-out flights In the Jocsl area; 48 sorties -
97.1 boure,

All the flights In category s. ahove, with one exception, were night miasions, deliberately
flown at varioue hours of darkness in order to cover a wide range of thermal contrasts among
ground objects, The ons exception wae a high eltitude (3, 000 feet) day familiarization Night.
Two of the flights in category b, were flown at dawn, and the third vas flown just after duek.
Theee timee were selected to coincide with enemy housekeeping activitiea, The local Nigtis
of category ¢. were {lown during random day or night hours, depending upon the purpose of
the miszion, Figure 4 ahowe the location of the operational flights,
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SECTICN IV
OPERATIONAL RESULTS
1, FORWARD LOOKING INFRARED SYSTEM (FLIR) .

The FLIR Il was tested under daylight and nighttime conditions, during rainy and dry
sessons, and at altitudes from 500 to 5,000 feet. In general, vahicle detection was acbleved
on hard surfaced, two lane bighways. However, the FLIR was ursatisfactory as a vehicle
detactor at night on narrow, dirt, motorable tralls, A certain degree of vehicle detection
canpabllity was demonstrated In the Udorn focal area, but ouly on clearly defined, two-lane,
hard surface, and improved dirt roads. Detection was even difficult on these local roads, 1
since moving vehicles appeared as cold targeis and had little contrast relative to treec and s
vegetation, Classification was primarily made by target shape and relstive motion, The :
FLIR was operational on aix of the road/river reconnaisgance missions In Southern Laos, {
During these flights, the FLIR did not acquire any targets which were not easily revealed
to the bow obaserver with a wturlight 2rope, Furthermore, it could not detec’ watercraft oo
the XeCong River which wers later perceived on the DLIR imagery. It was s.2le to detect
firea, bomb craters and, in a few cases, huts and buildings. An attempt was made to use
the FLIR as a navigation aid in attempting to follow a road or a river, Occasionally the
sensor operator could pick up the road or river and relay steering commands to the pllct;
although the FLIR was not able to demonstrate this capability consistently.

——

ot e S il g

It 18 fe}t that & number of factors contributed to the Inability of FLIR III to detect vehicles,
These factors were:

3. Degrudation of the presentation at the display caused by electronio nolse (3/N ratio),
b. Display size (3" x 6") was considered too amall for terget detection and classification,

¢. Low graring angle caused by the low altitude of operation (1, 000 ft) whicb {s required
for sensor detection capabilities. As a result, the masking by the trees will inhibit
terget detection, In fact, tc the FLIR operator, trees overhanging a rosd look liks
vehicles.

d. Lack of therma) contrast between trucks and vegetation. Single lane roads are the
same width as the trucks, so the cold trucks blend with the cold folinge, making
target definition by ahape practically impoasible.

8, Weather conditions during the rainy sesson., Raip, little heuting by the sun, etc. could
bave contributed to the poor performance during the months of Sept and Oct.

Further Itsms of note which in themselves did not directly alfect target detection capability,
but whicb must be considered tn an evaluation of FLIR II were:

s. The detection range of the FLIR Is very limited. The earllest the operator could pick
up vehicles (on well deflned, two-lane roads) was at 60 degreea depression angle,
which corresponds to about 1200 feet slant range or sbout 600 feet ground range. In
most cases, the operstor had to slew the scanner to nadir to follow the target for
definits classification.

b. The FLIR III Ia not roll atabllized, which results in loss of denired viewing area .
during aircraft movements, This, coupled with ihe FLIR's narrow fleld uf view,
restricts its usefulneas while the aircraft is maneuvering.

s
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0. The altitude capability of the FLIR la limited. The mintmal detaction capebllity re-

stricted its use to alt/tudes between 1,000 and 2, 00C feet. in enemy defended moun-
tainous terrain, these are not desirable operating altitudes. Raising the altitude
would not only improve thie situation, but would alse ajd in eliminating the masking
problem referred to previously.

A FLIR monitor was originally inatalled in the cockpit, but wae considered tn be of
no useful value to the pilot for either targst detection or navigation, The FLIR's short
range, lack of roll stabilization, and the fact that it can only be controlled by the
aensor operator makes it unsatiefsctory for use in the cockpit. in addition, the moni-
tor binders night vision and could tend to distract the pilot from other instruments,

The FLIR exporienced numerous maintalnability problome, especisily with detectora
and coolera during the testing period, 1t was operational mainly during the period of
24 August 1967 to 13 October 1867, after which the cooler falled completaly, A new
cooler aseembly arrivad on 2 Novembear 1367, and & Texas Instruments FLIR expert
arrived on 17 November 1567 in a final effort to improve the performance of FLIR I,
After several days of maintenance and adjustments, the FLIR produced a highly aatis-
factory monitor presentation in the laboratory. It was installed I the aircrafi on 22
November and was operated for a total of four flights befors ihe completion of flight
operations, The improved preeentation produced in the laborstory was not attained
after installation in the aireraft, lnd_ no aignificant improvement in target detectica
capability was noted during these final four flights,

2.DOWNWARD LOOKING INFRARED S8YSTEM (DLIR)

The DLIR, like the FLIR, was tested during all bours of the day and night {n both ralny
and dry weather conditiona. Normal altitude for DLIR operations was 1,000 feet. For the
first 1 1/2 months of the deployment, only the aft D-5 system was In operating condition,
The cooler for the forward ayeters was damaged in traneit from Texas Instruments and,
due to various delays, was not uperational until 20 September 1967,

The two D-5"a produced imagery rated from poor to very good by a Pboto Interpreter (PI)
from the "Ccmpasa Esgle" program at Tan S8on Nhut. The "Compase Eagle' program is an
evaluation of the R8-10 Downwsrd Looking Infrared Systems made by Texas Instrumenta
and {nstalled in three RB-57a. The Pl analyzad imagery taken from both D-58 for opera-
tional as well ez test flights during the period 20 September to 2¢ November and rated the
rasults as follows:

Operational: Very gocd - 15%
(10 flights) Good - 20%

Fair - 25%
Poor - 35%
No Film - 5%
Test: Very good - 14%
{21 flights) Good - 36%
Fair - 19%
Poor - 24%
No Film - ™%

Factors coneidered in the P1's evaluatice were contrust, density and reeolution of the imag-
ery obtained, as well as malfunctions which cauned unsatisfactory imagery. During his anal-

ysis,

the Pl noted the following problems:

9
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a. Lack of propar focus on the forw:.=d aystem for a majority of the deployment which
prevented [ine edge definition necsasary to {dentify trucks.

h. Electromagnetic {nterference or nolee causing striations, handing, intermittent video
loas, and epikes on the imagery, This Interference wae caueed by aircraft equipment
euch as the doppler radar eet and the TACAN, 400 cycle line nolee and externally
from the radar equipment of alr traffic control centers.

¢. The inability of the technictans to properly adjust the syetems for contrast, gain, time
conatant, and cosine eettings for optimum !magery.

d. Lack of roll etabilization,

All of the previous problams intermittently and in varying degrees prevented the D-5s from
obtaining conslatently good imagery. It 1a erident that theee problems were responaibls for
the fallure of the DLIR to provide a poeltive capability of detecting vehicles on fllm obtauned
from operational missions,

Numerous paeees weres mad:, over s resolution target during the last two weeks of the
flight program in an attempt to determine the D-5 epatial reeolution capsbility, It was ce'-
culated that the forward D-5 yielded a resolution of about 1, 35 milliradians and the af; about
0.69 milliradians. There was reason (o helieva that the degradation In resohrition fror: the
0,5 milliradinp dasigm apanifieation cmld he attrheted 4o 2 Coinbidalion oo wystem e sctron-
ics difficulties and posethle miealigr.ment of internsl ecanner optics. However, the D-ja can
stil] he coneidered high reaclution syetems, Figure 5 Is s night photograph of Udorn RTAFB
obtained from the forward D-5 eystem,

In splte of having a high apatial resolution capability and a half degree NET resolution, the
D-5e could not, with any degree of vonsistency, detect trucks on the narrow, dirt, Infilira-
tion routee typical of southern Laoa, On the last three operational missions along Route 110,
a total of 40 trucke was vieually eighted, During post flight snalysis of the imagery of thesa
missions, photo interpreters were not able to poeitivaly identify any trucks oa their initial
study of the fllm, ARer correlating time of the visual aightings with the same time annotated
on the film, they were able to ldentify positively approximately 25% of the trucks, The trucks
on Route 110 showed as point ecurce hot targets. The road also showed hot snd was narrow enough
that the trucks were sbout ae wide ae the road. Thisfsctor, plusthelsckof definition uf the trucks,
sdded to the detection problem. The D-5e aleo had no {foliage penetrstion capsbility.

Tha D-58 were readily able to detect boats, hoth motorized and non-motorized, on the
XeoCoug River in the vicinity of Route 110. Also, water huffalo in open, {sothermal flelds,
wheel ruts in open sections of road, and trees were easily detectable on moet imayery. The
D-5s slao have the cspability of producing reasonably good imagery for ground mepping
purposes. On well-defined two-lane roade, hoth paved and unpaved, vehicle targets ars
oiaily dt=cernihbls oo D-5 fllm. Figure § contains two sampies of IR photography showing
vehicles and other objects with fair resolution,

3, LOW LIGHT LEVEL TELEVISION SYSTEM (LI.LTV)

The LLLTV was not in working condition for the majority of the deployment, 80 it was not
fully evaluated in the operational envircoment. 1t was used for only one operational missfon
along Route 110 before it was removed for rework. The original SEC-Vidicon tube drveloped
a detect which had become spparent during the flight testing phasc at LTV Electrosysteme
a8 early us November 1866, About 30% of the area on the monitors became hlurred on the
center right half of the tuhe around a halo-like hright spot the size of s quarter, The defect

10
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grow progressively worse during the early etages of the deployment until it was decided
during the middle of September to change the tube, While attenipting to change the tube, it
wus dlecovered that the wiring disgrams were not complete enougb to compiete the change.
Based on this and the recommendation of the coutractor, the syetem was sent back to Daimo-
Victer on 27 September 1967 for rewark. The eyetem wae hand carried back to Udcrn by s
Dalmo-Victor technical repreeentative on 13 November 1967, was reinstalled and ready for
filght teating on 15 November 1967,

It is difficult to determine whether the da*a collected on the one operational flight has any
validity because of the defect In the tube, Huwever, It wae dstermined by the aensor operator
that target detection would have been doublful, Lighting couditions in the srea were good - 1/4
tnoon, excellent vieibility, u high thin overcset having little adveree effect. Treee and ehad-
ows glong Route 110 crested contrast patterne much the eamc as trucks, There seemed to
be insufficient definition ability Inherent in the LLLTV to distingulsh a truck from s tree or
shadow on the road, Ae with the FLIR, the low sltitude of operation causes s low grazing
angle and complicstee the operstor's job of picking out trucke from among the trees and
foliage. it ie apparent that the eensor must be directly sligned on the road to have any op-
portunity of target detection st lower sititudee,

The LLLTV was evshusted during the laet two weeks of flying operations for nine flighta
In the Udom locsi area, It was teet flown from sititudes of 500 to 10,000 feet, It was deter-
mined that it could be nsed as s navigation aid at ligh: levels down to 1/4 moon, Below 1/4
moon, nseful nsvigational informaddon Ls extremely Umited. The effective sititude for use as
s pavigation aid depends on the precleion deeired and on the Ught level. At light levels of
1/2 moon or greater, gross navigation (1. e. weil-defined roads and rivers, etc.) can be ac-
compliehed even up to 10,000 feet. Naturally, the lower the altitude the more detall that can
be eeen and the better the contrss: and reeofution »f the viewed scene, However, flylng too
low (below 1,000 ft) decresece effectivencaa hecause of Increased relative motion of alreraft
to the ground. At light levels between 1/4 and 1/2 moon, the LLLTV 16 effective as s paviga-
tion ald with optimum operating sliitude between 1, 000 and 2, 000 feet. it ebould be pointed
out, however, that the LLLTV hae no capability for depth perception and its use st low level
in mountainous terrain would be Umited. A further dieadvantage 13 that, with ten degrece
depreesion angle, the horizon degradee contrast of the viewed ecene by making the picture
too bright.

During thie time period, tests were slso conducted to determine the feasibility of the
LLLTYV se a target detection device, sithoupgh it was realized that this wide angle system
wa3 oot deeigned se such. Teets conducted bore out the fact that it was not able to detect
vehicles, Recpested runs were made over s 3/4-ton plckup truck on a single lane dirt road.
The eensnr operstor wae unable to dlecern the unlighted truck fromn tree shadowe slong the
road, Another lens assembly of the narrow angle or zoom variety is required {f target de-
tection Is deelred,

For the first {ew flights after the new tube wae {nstalled, tube sensitivity was very good,
and point light sources stood out vividiy in the display with s minimum of blossuoming. Oune
problem encountered, huwever wae that st s dietance, firee 1and {ights from other sources
looked slike. The LLTV waa damsgzd during a dsylight flight three flights before the end of
the {light teeting program. It was ocbviously caueed by reflection from the sun, but the reason
is unknown, as the iris control was on MANUAL and turned sll the way down. A permanent
atreak was etched disgonally throyugh the center of the tube. The last flight on which the
LLLTV was teated, which was after the damaging of the tube, point light sources caused an
exceptional amount of bicoming. in addition, s blurred section sppesred on the tube which
locked quite eimilsr to the defect which marred the previoue tube. It {s lUkely that the re-
flected {ight caused this damage,
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During the evalus‘‘on of the LLLTV, the sensor operators favored the Sony monitors L
those furnished by Lalmo-Victor. The contrsst sppeared much better on the Sony monitors,
sithough the Dalmo-Victor monitnr seemed to have better resclution,

S S B e M WY 5 Y

Ali test flights for the LLLTV were conducted eoncurrently with the bow operator using
his naked eye or the starlight acope, Periodically, the sensor operator » ¢ bow operator -
exchanged positlons; and at varicus iimes, other individuuls eompared * - - yen, the star-
light scope, and the LLLTV, It was the eonsensus of opinion that s bow - . ver who is
ndght adapted can sce as much, if ~ot more, with his naked eye or the 4v-uegree FOV etar-
tight seope than with the LLLTV.

I A= 1

4. ACTIVE MAGNETIC DETECTION SYSTEM (AMDS)

This system is s prototype m «del vhich was instalied pimarlly to gather test dats, de-
termiue systcm weaknesses and eapnidlities, and provide guidance for future development.
Any operational vajee wou'ld be a side b, nefit,

During the early part of the deployment, the system was used regularly sgains{ tar ;=ta
of opportunity in conjunction with the other on-beard sensors. Targets were “ictected onlv
sporadically, and aumerous false target responses were recorded. It becsme apparent waat
considerable calibration and sdjustment of filter elementa would be required to optimize we
system ~ffectiveness. In addition, repeated tests againct controlled ground targets would
have to be flown In order to gather target signature characteristies. It was then decided to
defer jurther testing of this system and direct the full effort toward evaluation of the primary

equipment,

A fina] effort to obtain some meaningful results from the AMDS was 1sunched during the
last two weeks of the deployment. Two company technicsl representatives arcived and a -
series of test flighte were flown. A number of field modificstions were made in attempts
to sttenuate unwanted signnls, compensate for local terrain effects, and optimize gain
settings. It Is {fell that considerabls progress was mude whieb sbould be reflected in follow-
on designs.

2T R AR il AL W S W v YTE it AT a S E

It should be pointed cut that this system will not by itaelf identify s target. Its value lles
in providing an alert that a target has been detected and subsequent ldentification must be
sccomplished by other means, This properly fits in with the multl-sensor coacept under
which this projeel was developed.

S. NAVIGATION SYSTEMS
8. LORAN T - Inertis] Nav{gation 5;stem
The LORAN C - Inertlal Nsvigation System wis never sueeessfully integrated and,

therefore, no evaluation of its performance is posafble, The reascan for ths fajlure
to Integrate the syatem can be narrowed down to two primary sreas:

{1) Tns LN-15 Inart.al System could not be brought to functior properly until the very
end of the deployment.

(2) Ths interface problem of integrating the ARN-78 and the LX-15 vith the Verdan y

computer was never completely wolved because of difficulties aith the computer pro-
gram sccepting data from thess two systems roncurrently,
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The ARN-78 functioned aatisfactorily in the free LORAN mode for the moct of the program
duration, During the last three weeks of the deployrent, & few modules malfunctioned; but,
oversll, the ARN-78 was a reliabie item of cquirent, With the aseistance of extra technical
representatives from Litton, the LN-15 functioned satisfactorily for certain brief periods of
time, An all-out attempt was made durl. g the latter atages of the deployment to integrate the
syatem. Litton provided two extra technical representatives, and LTV Electrosystems pro-
vided one, Four days befcre the termination of flight testing program, the IN-15 was flown
successfully in the free inevtia] moda of operation. Unfortunately, however, s module on the
ARN-78 had fajled; no a final attempt to integrate the syatem could ot be accomplished.

b. APN-153 Doppler Radar Set

The APN-153 Doppler Radar Set functioned well throughout the program, and it was
regularly used in conjunction with the Verdan computer in the DR mode and &lso with
the ASN-25 Dead Reckoning Computer, which functioned normatly throughout, As etated
in previous Activity Reports, the only successful tactical navigation device was the
Doppler Navigation System combined with the ASN-25 uaing heading inpute either from
the inertis] System, when it was able to furnish reliable heading information, or from
the aircraft compase system. This system, although refisble, is not sultabie for ob-
taining precise navigations! data.

¢. ASN-67 Rollar Map Dead Reckoning Dieplay

The ASN-67 Rolier Map Dead Reckoning Display never functioned properly in the atr-
craft due essentinily to probiems in its computer, It was returned to the Weapon Sya-
terns Test Center, Putuxent River, Maryland twice for rework, but still was Inoper-
able. It was unfortunate that this system was not evatuated because it was feit that a
roller map type of display, with accurate inpute of heading, drift, end ground speed
could be an excellen! method of navigation for a myltisensor aircraft, It would ade-
quately solve the two problems confronting the pilot and navigator:

{1} A means to obtain a precise geographicai fix of any target that arises.
(2) A method to fol.ow a road, river, ote.

Equipping the point mechaniam of the rolier map which traces the aircraft's path with a
marking material of some sort would provide s useful post flight analysis tool,

The cuestion arises, s it absolutely necessary to have such & precise navigation system
as the proposed sccuracies of the LORAN-lnertiat Syetem wouid hava provided? For a real-
tims sensor ajrcraft with a self-contained strike capahility, or even a sensor aircraft work-
ing in conhnction with a strike afircralt (Hunter/Killerj a highly accurate system hardly
seema neceasary. Strike and forward alr control aircraft appear to be having littie naviga-
tion difficulty in locatin® Communiet {aflltration routes in Southeast Asia today. Of courase,
the morse accurate the navigition system, the eagier the job becomes for the alrcrew, For
& multi-sensor aircraft, whose functior it is to reconnoiter an area over extended durations
of flight, finding such things as truck parks, troop concentrations, storage areas, etc., and
then paseing the information on for subsequent aralysis and/or strike, an accurate naviga-
tion system {8 Lecessary and desirable. However, the trade-offs in equipment complexity,
cnet, and malntatoability undes fleld conditions should be taken Into account.
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8. TERRAIN FOLLOWING RADAR (TFR)

The terrain following radar functioned eatisfactorily throughout the testing period. The
APQ-110 has certaln limilatione, however, which aecioualy affect its value for low altitude
operations in mountainous terrain, The system ia nct roll etabilized, and contains caly one
channel capablility (the crew may aelect elther terrain avoldance or terratu following, but
not both aimultanecualyl. So that a crew may fly a constant altitude in mountainous terrain
at night with any degres of co.:fldence, a concurrent dieplay of the command bar and a view
of the forward terraln in the area le highly deairal-le,
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SECTION V
CONCLUSIONS

1. The operati'. al evaluation of Project MUDDY HILL revealed that the system was In-
capable of perfcerming night reconnalssance effectively. The major ressons were excessive
equipmeut malfunctions and marginal performance due to maintainability demands bevond
the capabilitien of the assigned technicians. Related causes were a lack of sufficient spares
and an {nadequate checkout before deployment, Furthermore, the operational misslons re-
vealed limitations in the system equipments which, even with near optimum performance,
made {t doubtfu] that the objectlves could heve been successfully accompiished,

£, The FLIR III s not suitable as & target detection device In Lacs-type topography, Roads
are extremely narrow, beavily masked by trees, and lacking in adequats thermal contrast.
In this environment, the FLIR detection range is {nsufficient to permit the sensor operator
to detect s target, identily it, and react as sppropriste.

3. Tbe DLIR system provides satisfactory IR imagery, but follage cover and camouflage
seriously affect its uaefulness, In most cases, visually sighted trucks could not he detected
on the DLIR film during the post-mission analysis, N~'g the enemy use of camouflage 11lua-
trated in Figure 7.

4, The LLLTV 1% aseful for check point varification 5,000 feet under partially moon-
lit conditions, With near full moor, the LLLTV offers no advantage over syeball capability.
The LLLTV was not adequate ns a target detoctlon devics because of ths difficulty in differ-
entinting vehicles from tree shadows.

5. The precise navigation system (Integrated LORAN~ Inertia] - Verdan) never achleved
operationa] status and, therefore, was not evalusted. Individusl navigation subsystemr
operated gensrally within design accuracy limits,

8. The Active Magnetio Detection System (AMDS) opsiuted satisfactorily during the closing
weeks of the deployment. The system, by Itself, can only Indicets tha presence of » target,
and ldentification must be obtained by soms other means,

7. One of the most critical problems encountered was the difficulty (a trying to follow »
parrow, winding road at 1,000 feet sltituda. Figure 8 {s a day photograph of a section of
Route 110, A successful technique that was developed to perform this task was the use of
» ;ifa FOV starlight acope by ths bow observar, who relayed steering commands to ths

pl

8. The project management structure provided little opportunity for the Navy to participats
in the early equipment sslection, aircraft configuration, and overall planning, Had this been
doms, it would undoubtedly have provided an additional motlvation or incentive to the Navy

personns] concerned,

9. In summary, the Muddy Hil] system was not effective as s night road reconnaissance
system In Lace. This (s s conditional conclusion, based on a relativaly small sample size
becauss of numerous equipment technical problems and less thea optimum system perfor-
mancs, The value of the project lies In the spplication of the lessons learned and In the slim-
Inatioo of exposed deflciencies in follow-on programa.,
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PARKED TRUTK

Figure 7. Enemy Use of Camouflags

18

SECRET




SECRET

ASD-TR-68-8

{o3w]107 esuep
pu® peox FUPUIA MOLINT GJ0N) SOWT IeGMOg W) OIT YINOY

e gk " -

* "

- ................ * i .3 ....
D ANOO B BLO0E 1 Jy N MALEEY HLOT L A

4 N ———— . — e b

g eanBy

9
SECRET

|




SECRET

ASD-TR-88-8

3.

SECTION VI
RECOMMENDATIONS

FLIR

Greater detection range is required, Operations at 1, 000 feet and 180 knots result
in low grazing angles and tnsufficiect reaction time for the sensor cperator,

An expanded disphy would enhance target detection and {dentification capability.
This combined wiili 2 range increars, rould permit higher operating altitudes,
wider ares coverage, more time for hrgut search, and sufficient reaction tims
necessary for a self-contalned strike system,

A "zoom" type display festure would be deeirable, Th's would allow the operator
to select & sector of the display and magnify it for target study.

Roll etabilization of the scanner platform is considered .aandatory tn future sys-
tems. Also, the scanner should be steerable in azimuth to allow & continuous scan
of the winding roads which the airceraft is unable to follow,

A cockpit display monitor {s of litile value to the pilot and should not he installed.
If an aytomatic bombingy system i{s utilized, steering comrnands to the pilot should
be displayed by some means other than ou a FLIR scope,

The possibility of developing some sort of moving targel. Indicator for use with a
FLIR system should be explored. Enemy vehicles move slowly and are oftea
covered with vegetation for camouflage - thus exhibiting little tharmal contrast

with surrounding objects.

DLIR

a1,

'.’c

C.

d.

DLIR systems should be configured to permit inflight monitoring of signal levels
and sdjustment of gatn controls to compensate for varying westler and terrain
conditions, In the present design, the quality of the film {s not assessabls until
the film {s removed ead proceased,

Electromagnetin interterence {8 a major problem and should te given careful
cousideration in any future design. Even alr traffic control ground radars pro-
duced nnise signals oo the DLIR fibn,

A real-t{me display would be desirable.

Calibration and adjustment controls and ecquipment should be available and designed
for use in fisld operations. In this project, out-m-focus optics, poor contrast, lack
of definition, sad impropar printing densitiss were commaon causes of Infsrior film
quality. Excessive manhours were expended in trying to correct these deficiencies,
Figure 8 shows two exminples of night IR photography cbiatned with the DLIR.

LLLTV

a.

If target detection 18 desired, a narrow angle lens or a "'soom" capability is
necessary,
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b. Balety features should be incorporated to insure that bright reflsctions will not
damsage ths tube,

¢. B;Itom electronics should be improved to allow viewirg in light levsis less than
1/4 moon,

d, A TV display should not be Installed in the pilot's position. Besides loaing his
night vision adaptation, the pliot cannat efford to concentrate on the display at
the expenss of his othsr vital functional requiremente,

4. AMDS

s. The imited evaluation conducted on this system dsmonstrates that the device
axhiblts sufficient potential tc warrant continued development. An improved
varaion of this system la presently undergoing test at the company's test sits
Tear Austin, Texas, and experience gained from Project Muddy Hill should
contribute toward the success of that effort,

b. Looking back, it appears that the system should not havs been included in this
project because it was highly developmental and could not be given ths sttention
it required.

5. NAV BYSTEM

A highly sophisticated navigation system, bacause of cost and complexity, 18 not re-
Quired for a real-tims recornaissance system, A suitable device Is a roller map with ap-
propriate equipment to provide heading, drift, and ground speed i :pute.

8, GENERAL

. New systema, especislly one-of-s-kind, should not be deployed until they can
demonstrate reasonable reliability. This 1s a lasson known but seldom beeded,
Of 82 flights flown in BEA on this project, 32 ware with the FLIR Inoperative,
3 with ths LLLTV inoperative, and 23 with one or tha other of the D-5s inoper-
ative, In addition, most {lights were flown with these equipments, sithough
operational, only marginal in performance. Evsn more disturbing, on no more
than half a dozen MNighte were a1l three of these sensor systems capable of oper-
ating simultanecusly,

b. Ifpracticabls, Individual sensors sbould be separately tested before belng inte-
grated into 8 multisensor system. This woyld isolate equipment problema from
installation problems, reduce total system down time and aliow concurrent testing
which would effectively speed up test schedules,

0. Bimulated test aites abould be comparsble to the real enviropment. The FLIR 1O
achieved moderais success in detecting targets on certsin roads believed to be
representative of those (n Laos, But the actual roads being used by the eneray In
Laos sre hardly more than trails, are beavily masked by trees, and present a
challenge to the ssnsor operator rarely encountered on test missions. This factor
supports the logic of conducting svahution programs in the actua! environment,

d. A bigher operating sltitude should be considered for this type of mission, The

Muddy Hill operating sltitude of 1,000 feet ¢id not appear to furnisb the optimum
system capability, This altitude was probably arbitrarily cbosen {n deference to
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a,

senaor detection limitations without regard to other tmportant factors. In-
creasing the opersting altituds would provide a higher grazing angle for added
reaction tims, s larger ares covsrage for target search, easier road following,
safer terraln olsarance in mountainons oountry, and reduced vulnsrability to
ground fire, with very little sacrifice of sensor performance,

A self-contained strike capability ehould be provided with this type of reconnais-
sancs system, Target marking (unlees covert) and command vectoring of strike

sircraft are ineffective tactics sguinst mobile targets, This method (s presently
used in night operntions with flare ships and FAC's and the ratio of destroyed to
detected trucks is pitifully low.
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APPENDIX 1
SYSTEM DESCRIPTIONS
. A eketeh of the sircraft ehowing the location of the major aquipments s contained in
Figure 10,
1. FLIR

Cs

e.

The Forward Looking Infrarvd System wae manufactured by Texae [netruments,
Inc., and le company-deelgnated &3 FLIR II, It le a multichanne! infrared ecan-
ning device with real-time dleplaye intended for use in night tactical reconnais-
eance &8 a target detector and {nr checkpoint verificatinn as an aid to navigation.
The eystem is capable of detecting IR radiation in the epectral region of 2 to 14
microns, It Includee eix Mercury doped Germantum (Ge:Hg) detectors which havs
optimum eensitivity {n the 8 to 14 micron region, and three Indium Antimonide
{InSb) detactors with optimum eenslivity in the 3 tn 5 micron region. The Ge:Hg
detectors provide genera] coverage of all objects dieplaying a temperature dif-
fsrential, whijle the InSb detectore ars useful primarily In the detection of intense
sourcen nf [R radiation (hot epote). The deslgn epatial reeoluuon is two milliradians
and the thermal reenlution 1s 1 1/2°C for the InSb and 0, 7°C for the Ge:Hg,

The eystem coneleta of a ecanner unit, a heat exchanger, two power suppliee, an
electronics unit, an Inverter, two control urlts, and three identical dieplay
mnnitors, Total eystem weight |8 355 Ib, Syetem operation requires an electrical
{nput of 24 volta DC and 115 volta, 3-phase, 400 Hx AC,

The scanner unit contains mechanical ecanning and optical assemhlise which
produce a 20 by 40-degree field of view, The scanner can be manually controlled
from 0 to -90° elevatinn. Azimuth ecan is achleved hy rotation cf a rectangular
four-sided mirror and elevatinn scan le cbtained hy rotating an array of four
circular mirrors. Rotation epeede ara 15,000 RPM for the azimuth mirror and
211 RPM for the elevotion mirror assenuhly. Nine low-level, low-nolse, welded
module preampliifiers are installed (n the scanner to amplify the detector video

outputs,

The heat exchanger and cqogenentor provide an operating envlrocment for the
detectors of less than 27° Kelvin aclleved after approximately 16 minutee of
operation. The cryogenerator ls manufactured hy Nourelen, and operates on the
Sterling-cycle principle using heltum as a refrigerant, The heat exchanger
zlrculates a coolant nil to accomplish its heat transfer functions, This type of
cryogenic system 1» used in severzl] other mllitary IR aystems, such as the
AN/AAS-18, AN/AAS-10, and the AN/AAS-2]1. The detector array and cryo-
geoerutor cold-{inger assembly ars contained in an evacusted chamber which
serves to insulate thelr elements from the amhient air. The vacuum {s main-
tained by a small Vacion pump electrically opersted from a 3n00-vnlt DC power
supply. The power supply Input voltuge |8 obtained from a 12-volt DC nickel-
cadmium bettery which {8 recharged automatically from the alreraft 28-vnlt DC
bus,

Two power eupplies provide tke low voltages necesaary for the system electronics

clrcuitry. They provide required DC power and servo power to control and drive
the scanner to the selocted depreesion angle. The electronics unit contains the
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horizontal and vertical swesp generating circultry and the video processing
olrcuitry. A modified 400 Hz Inverter is used to convert s 28-volt DC into

a 3-phase, 500 Hz AC voltage to drive the aztmuth scan mirror assembly.

Control units sre locsted st the main sensor operator's station and the bow
obaerver's station. Either position can eelect the type of datector video

signal to be dieplayed on the monitor, the smount or percentage of this rignal,
the threshold level of the hot epot circultry, and the scanner depression angle,

Display monitors are [nstslled st the bow cbsexver, pllot, and main sensor
operator stations. The monjtora contain Matricon displey tubes, with P1
(green) phosphor couting and s viewable screen measyring 3.5 inohes in
helght and six inches in width,

2, DLIR

8,

b,

[+

The Downward Looking Infra:ed Surveillance Syetem le s multichannel Infrared
recording device designated SD-5 by the manufacturer, Texas Instruments, Inc,
Infrared radiation {e detected In tha 2- to 14-mioron spectral region with muld-
ohannel operstion achieved by using ten matched Mercury doped Germanium
{Ge:Hg) detectors. An array of five detectors provide coverage in the 2- to
14-micron region while another five-detector array is spectrally filtered to
caver ths 3- to 5-micron region for hot spot detection, The system oan record
video signals obtained ocnly from oce detector array at a tims,

The system is compcsed of two identical subsystems that can operats indepen-
dently. Each subsystem consists of s scanner/recorder assembly, a power
supply, & remots electronics box, a control unit, and s heat exchanger. Total
weight of the system Is 545 I, The spatial resclution is 1/2 milliradian and
the therms] resolution is 0.5°C.

The scanner/recorder units are meiated on (he floor of the aft fuselage, the
foxward scannur tilted 12 degrees part vertical, looking back, and ths aft
acanner tilted 12 degrees to view forward, This provides a 24-degree overlap

of the mapped terrain and produces stereo IR imagsry for post mission analysis,
The scannera sre roll stabilized to £10¢ degress.

The thermsl image of the scanned terrain L3 continuously recorded on a roll of
TRI-X S-inch reconnsissance film. Automatio and manual V/H (velocity to
helght ratic) ars provided with a range of 0.01 to 0.5, At ths maximum V/H of
0.5, 8 roll of 350 feet of film provides two bours of recording tims on each
scanner unit, Electricsl tnputs of 28 volts DC and 115, 3-phase, 400 Hz AC
are required for system operation.

A rectangular, four-sided mirror is rotated about an axis parsllh’ to the flight
path and produces s conventiora] line scanning pattern, 185 degress latarally
below the airceraft, Ths mirror rotates at a constant 3,000 RPM, The signals
cbtained from the detector array are modulated, processed, and transmitted
to the film to provide a paporamic printot four Inches wide.

A separste cryogenic refrigeration systsm is provided for each scanner. A
Norelco closed—cycle cryogenerator, operating cn the Sterling-cycls principle,

is used In conjunction with a hoat exchanger, Hollum s used s the refrigerant
In the cryogenerator and a coolant oil sccomplishes the hest transfer in the
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beat exc r. A simlIar oryogenio system 1s used In the FLIR III. Cocl-down to
less than 27" Kelvin s achieved (n approximately 25 mimites. The detectors and
cold-finger aasembly are contained (n an evacuated chamber that is maintained by
a small Vacion pump powered from a 12-volt DC nickel-cadmium battery.

g. The control unita for the eystem are located at the main sensor operator's station,
Faull indicatione and a V/H Umit lamp ars provided,

3. LLLTV

a. Tbe Low Light Level Television Sys*.=. is a wide angle television system manu-~
factured by the Dalmo-Victor Co. It consists of a camera mounted on & two axis
steerahle platform, a camers electronics box, a servo electronics box, display
monitors, and Interconnecting cahles. Electrical inpute of 28 volts DC and 115
volts, 3-phase, 400 Hz AC are required for system operation, System weight i»
approximately 125 b,

b. The camera conalate of an Image Intensifier - SEC Vidicon camera bead. The
Image intensifier contains a Macblett extended S-20 type photo cathode surface,
The photo cathode diameter of the intensifier {» 25 millimetera with an /1,0 lens
providing a 30~ by 40-degree field of view, The camera is contained in a cheek pod
mounted on the left side of the aircraft forward of and below the pilot’ s position. The
oamers head and lens are mourted on a platform which i» ateerable in azimuth and
elevation. Limits of azimuth travel for the platform are .5 degrees to either stde of
ceonterline and limite of elevation are from 10 degrees ahove to 80 degrees bolow the
slrcraft armament datum line, Basically, tho concept of operationis that light energy
from a viewed scens I3 t.anamitted and amplified by the image intensifier, and s
further ampiifiec and then coupled to the display monitor by the SEC-Vidicon tube,

¢, Originally, there were two é-inch display monitora used to portray the acene
being viewed by the camera, Ono monitor wae at the sensor operator's station
and ons in the cockpit. Howeve., due to constant falkures of high voltage power
supplies and printed circuit electronice boards, it was decided to replacs the
display mounitors with commerclally avallable Scoy talevision sets, Ore 9-inch
Sony replaced the moniior at the sensor operator's station, and another was
instzlied in the Plexlglas bow station, A 5-incb Sony replacad the display mon-
1tor (n the cockpit. 1 be original monitors contatned a croas reticle displaycd
on the screen to wajcate the location of the camers azimuth and elevation axia
with respect to the aircraft longitudina] axis. However, after the Scnys replaced
the display monitora, thls festure was eliminated, It was not felt that thta loas
would detract from system effectiveness,

d. The sensor operator’s control console contains indicatora and controls necessary
for controlling the camers platform, The platform can be steerod by a "joystick"
type hand control at the operator's position, Meter readouts furnish an tndication
of camera position with respe~t to the aircraft's borizontz] and vertical axis. A
band control 1s alao located at the pilot's position which includes an override feature.
A furthsr control on the operator's console 1s an irts selector switch for control-
ling the camera luns iris eithor manually or sutomatically.

8. The contractor rpecifications stipulated that the LLLTV should provide a target

acquisiticn device as well as 2 navigation atd at light levels ! 10'4 foot candles.
This light level can he compared to a rtarlit night with clear skies and ro moon.
Uzder the Muddy Hill concept of operations, the LLLTV was {ntended primarily
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48 a nsvipation device. [deally, the system was designed to out-perform the human
eye by at least one order of magnitude. The mamufacturer's specifications were
demonstrated hy means of an Optolinor check on 21 Decemher 1666, The Optoliner
was connected directly to the Input stage of the Image intensifier which effectivoly
sliminated the lens and the filter from the test. Under the condition, the aystem
met the contractor's resolution specifications, However, it wae realized ihat the
levs and filter would somewhat degrade the resolution of the viewed presentation

at the monitor,

4. AMDS

The AMDS ie an airborne electronic device capable of detecting targets that are
oither electrically conductive or magneticaliy permesable. The system is termed
active hecruee it generates s strong magnetic fNeld which {s directed in a forward
plane sbout 45 degrees below the aircraft flight path, When this fleld impinges on
a target, a amali magnetic field is incdiced which s coherently detected and alec-
tronically processed to provide s visual and an aurs] indication of the target. The
system conaists of ten component units welghing a total of 516 [b; it is manufac-
tured by the Elsctro-Mechanics Co. (EMCO) of Austin, Texas,

The major unit of the system io the coll/sensor assembly, which Is mounted {n
the specially reinforced nonmetallic tall cone, Figure 11 1s a sketch of the physi-
<al layout of this unit, A 200-turn fleld generating coll and a ferrite sensor are
mounted on either end of & 12-foot, 30-inch diameter fiber glass cylinder. Ths
eoll {s mounted on the forward end, and it and the sensor are rotatable to achleve
a mechanical alignmert, A high current ls produced in the coll and generates a
magnetic field slong the coll axis, The coll and sensor sre canted so that the
direction of the maximum generated field intensity and the dlrecton of maxi-
mum sensor sensitivity are coincident {n the forward 45 degree plane,

A receiver unit contains electronic circultry to process the signal received
from the ferrite sensor, The receiver output, which is an analog signal repre-
sentative of the target, 1s sent to the detector for further processing. Here the
phase and amplitude of the signal are determined, and the final output 1s fed to
the tarpet (ndicators.

Any target detected hy the system s indiceted in the foliowing three ways:

(1) A remots meter unit provides meter deflections corresponding to the target
signal. Ths pull indication is at the center of ths metar isce, and amplitude and
polarity of the signal are indicated hy the meter needle fluctuations.

{2) An audio signal ic generated through & voltage contrcllad oseillator which
produces an sudio tone of varying frequency rvpresentative cf the detected target,
A standard headset may be used to monitor t'ie tone signal,

(3} A strip chart recorder, which furnishes up to eight bours of recording time,
graphically dispiays the receivec signal. Amplitude and polarity are recorded and
provide data for post-mission analysis.

8. NAV SYSTEMS
The Muddy Hill aireraft had threv navigation aysterns installed:

(1) LORAN C - inertial Integrated Navigation System, which was designed
to be the primary system.
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2) Doppler Navigation System = a backup system,

{3) AN/ASN-87 Roller Map Dead Reckoning Displsy Set - anotber backup system
which was added jus® prior to deployment,

LORAN C = Inertial Integruted

The LORAN C - Inertial Integrated Navigation system contalned the following
components:

AN/ARN-78 LORAN C (Modifled) Recelver Set
LN-15 Digita] Inertia] Navigation System
Veraatile Digital Analyzer {(Verdan) Computer
AN/APN-153(V) Doppler Radar Set

G-2/MF-1 Afrcraft Compass System

The AN/ARN-78 LORAN C (Modified) Receivsr Set is a fully automatic, digtal
microcircult signal detection and track device, It receives, measures, and
indicates the time differences from LORAN C stativas, Althouyn the set was
originally built as .n AN/ARN-78 LORAN C Receiver Set, the receiver/power
supply portion was modifled in order to provide an output of digital interface
signale to the Verdan computer, In effect, this modification made the get quite
s!milar to en AN/ARN-85. When operated by itse} not in conjunstion with the
Verdan, the AN/ARN-78 Lins the capability of producing a contiruous resdout
In LORAN time difference on its indicator, Tims differences can be received
from two LORAN C chains simultanecusty, and these can be plotied oo a
LORAN chart to provide a geographical position, The design accuracy of the
LORAN C system (s sbowut 1/10 of 2 nauticai mile,

The LXN-15 Digital Inertis]l Navigation System is a fully automatic, self-contained,
all latttude and longttude navigation system, Initial position coordirates and the
desired heading are manuslly inserted into the aystem before take-off, The gyro
stabilized platform is aligned parallel tu the earth and to a known azimuth re'sr-
ence, and then, by means of accelerometara, the LN-15 measures accelerat!
along the axis of alignment. Thess accelerntions are convaried to X, ¥, :
velocities by the LN=15 computer and further processed to produce latitudr - -
longitude coordinates, true haading, altitude and pitch and roll attitude, 1.

design sccuracy of this inertia] system is 1/2 nauical mile per hour CEP,

The Varaatile Digita]l Analyzer (Vsrdan) Computer contains univeraal, grnera)
purposs, digital differencs analyzer, shaft voltage, and memory sections, 1t
makes calculations for four modes of operation: LORAN-INERTIAL, LORAN,
INERTIAL, and DEAD RECKONING,

(1) In the LORAN-INERTIAL mods of operation, ths Verdan Comwputer takes
Information from both systems, computes a position, and displays it on the
System Control Board in Latitude/Longitude coordinates. It eccepts initial
poaition, X, Y, and Z velocities, and heading refsrence from the LN-15 and
accepts contibuous position updating and dampening information for the LN-15
from the AN/ARN-T8. Simultaneously, inartial velocity and rate alding signals
ars fed to the LORAN to provide more accurate tracking of the receiving signals,
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Theoretically, the degree of accurscy expected from this system la a
350-foot CEP gt any t'me over any durstion of flight.

(2) In the LORAN mode, the Verdar uses only LORAN time differences to
compute 8 position. The Doppier Radar provides a velocity reference to the
Verdan in thie mode.

(3) In the INERTIAL mode, the LXM-15 provides X, Y, and Z velocities and
heading inputs to the Verdan computer whigh computes a position.

(4) In the DEAD RECKONING mode, the AN/APN-153(V) Doppler Set provides
ground speed and drift, whiie the G-2/MF-1 compass system or the LN-15 pro-
vides heading to the Verdan, which computea a position,

In each csse, the present position is displayed on the Nsvigutor Control Panel
as Latitude/Longitude coordinates. When in tho LORAN-INERTIAL mode, 2
malfunction of either the LORAN or inertiai syst.ms causes the Verdan com-
puter to sutomatically switch to the next lowsr available mode of operation.

If both LORAN and Inertial systems malfunction, the Verdan switches to the
DEAD RECKONING modw of operation.

The System Control Panel, located at the Navigutor's Station, s used to pro-
vide control of the Verdan computer operatjons regarding navigation compyta-
tions. The panel containa Indicators to inform the operator of the stetus of the
pavigation equipment, 1,8., Go/No Go indications for the Verda, Doppler,
LN-15 end alsrm indications when the LORAN information is unreliahie. This
panel also contains contro's for position display on the Navigation Control Panel,
The Navigation Control Panel contains a p-esent position readout as wei! as
Position Entry snd Destination Select switches, which allow for insertion of
preaent position and display of range anud course to pre-selected destination,

Doppler Nsvigation System

The Doppler Navigation System operatss {ndependently of the primary navigu-

tion aystem and conaists of two componenta: The Doppler Radar Set AN/APN-
153(V) snd the Navigation Track Computer Set, AN/ASN-25, both manufactured

by the GPL Livision of General Precision, Inc. The system perlormance criteria
specifies that the maximum Inflight error must be less than 2% of diatance traveled,
In addition to functioning us a navigution system, the Doppler Navigation System
provides !oputs to the Terrain Following Rader (TFR) and the Verdan computer.,

‘The Doppler Radar Set measures ground apeed and drift angle continuously and
displays them on ita control {ndicator. The ground cpeed and drift angle, sup-
plemented by beading tnformation from the MF-1 compasa or the LN-15 Inertial
Navigation System, provide electrical inpute to the Navigation Track Computer,

The Navigation Track Computer Set or Dead Reckoning Computer, AN/ASN-25,
cousists of 2 computer amplifier, a computer control, and a short-range indica-
tor. The set ia a completely transistorized, dusl-channel track navigation com-
puter, Desired track and distance for individual aegments of flight are set into
the computer marually, With ground epesd and track-made-good signals from
the Doppler Radar Set, the computer will continuously display aircraft position
in relation to the desired track, 1.e. nauticai miles to go and nauticai mites
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right or left of desired track, When one segment of flight is complete, the com-
puter automatically begins Its display of the next segment. A short-range indica-
tor which allows greater precision {, 05 nm) It setting and reading the nautical
milss to go is aleo included on the display panel,

AN/ASN-67

The AN/ASN-67, Rolicr Map Dead Reckoning Display portraye aircraft geograph-
lcal position on a strip of standard aeronautical chart. The set ie furniehed ground
speed and drift angle from the Doppler and heading information from either the
G-2/MF-1 Compass or the LN-15 Inertia]l Syetem. The track of the afrcraft Is
shown by continuoue vertical movement of the chart strip. The aystem has a
cursor with a diamond point which indicates the present position of the aircraft

as well as ita displacement right or left of desired track. Chart atrips can be
spliced together up to a maximum length of ten feet when using charta with 0,003
thickneea. The chart strips are installed on a cartridge which can be removed in
flight for replacement with different cartridges, The syetem le capable of using
four specific eizes of map scalee,

TFR

0.

The Tarrain Following Radar (TFR) ie & special purpose airborne radar man-
ufactured by Texae Inetruments, Inc. It is basically an APQ-110 {utilized in the
F-111) but modified for slngle channs] operstion and adapted apecifically for use
in the Muddy Hill aircraft. The antonna is mounted in & cheek pod on the right
alde of the forward fuselage. Two identical indicators are included, one in the
cockpit and one at the navigator's etation, Primary controls are located in the
cockpit although the navigator can exerclee selected control, especislly In the

ground mapping mode.

The radar set is pulee-modulated at a eelectable pre-set frequency In the Ku-
band over a frequency range of 500 MHz. PRF is 4025 pulsea per second with

a peak power output of 30 kilowatta.
There are three modes of operation, as follows:

{1) Terrain Following. Ia thie mode, the pilot e provided with optimum
elevation commendge to fly the aircraft at eelectable clearance altitudee from
200 to 1,000 feet, Theee commande are preeented In the form of a "command
bar” on the pllot'e ARU-11A Ail Altitude Indicatnr, The TFR Indicator displaye

an Ez acope with a ton-mlle range, This display showa the template line, and
any target whick protrudee through thie line will generate 2 ciimb ¢command, If
& terrain featurs appears In the flight path which cannot be cleared uaing normal
rated power, an audiole warning is given to the pilot. A fail warning light {e also
installed on the pilot's irstrument panel.

{2) Terraln Avoidance, Ranges of 5, 10, or 15 nautical miles are aelectable
In this mode, The acope displays a t 30-degree depressed centor PPl presenta-
tion of the torrain in or above the horizontal plans containing the aircraft. The
preaentation is drift stabillzed, embling the pilot to make lateral maneuvers to
keep his course free of terrain featuree.

{9 Ground Map. The navigator'e cursor control contains all the controla
beceanary to locate a target while operating {n thie mode. A tilt control aims
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the t 30-degree PPI-type 1adar pencil beam at targeta of interest, Ranges
of 5, 10, and 15 nautical mlles are salectabls.

Ths Automstic Bombing System (ABS) was designed to provide a low altituds
automatlc capsbility for the delivery of marking devices and storss, The
syatem ls composed of ths FLIR IJI, a portion of ths Verdan Computer, and
the necessary controls and interface equipment,

Ths FLIR display contains & stationary horizontal elevatica cursor which the
eensor operator can pogltion over the target hy varying ths scanner depresslon
angle, Then, by engaging an attack switch on the ABS control unit, the operator
can place a movable vertical azlmith cursor over ths target. With the attack
awitch activated, the Verdan accepta inputs of ground speed, radar altltude,
FLIR depression angle, drift angle, heading, and aircraft altitude, and per-
forms the bombing computation. The Verdan provides outputs that control ths
FLIR scanner elevation angle and displaces ths azimuth cursor and index marks
on the FLIR display monitor. These index marks ars displayed to the pilot as
fliy-to Indlcators. When the aircraft is turned so that the index marks coinclde
with the azimuth cursor, the alrcraft {8 on course for stores delivery.

The Verdan also computes a time=to-go signal that displacss a horlzontal re-
lease cursor, This cursor originates st the bottom of the monltor and moves
upward unt{l It reaches the stationary elsvation cursor, at which tims the
armament releass pulse 1a automatically Initiated. The operator can hreak
off the attack mods at any timo hy disengaging the attack switch, A manual
release pushbutton switch 1s also provided. Ths aystem ws not used over-
aeas because the FLIR detection range wae insufficient to allow the ABS
aequence to he executed,

DECS

c.

The Defensjve Electronic Countermeasures System (DECS) installed In the
Project Muddy Hill aircraft provides radar threat warning, radar band ldenti-
ficatlon, and relative bearing of radars in the 8 -, C- and X- bands, Defenelve
ECM (Jamming) are avajilable in S-band enly.

The components of the aystem are; two TRIM 7 main units and controls, a
Vector/Sector control, an analyzer, eight TRIM T anteanas, four 8/C-band
antennea, four X-band antennas, cight prcamplificrs, and an sudio awitch
panel. Total walght of the aystem components 1s 155 Ib,

The TRIM 7 main units protect the aircraft aguinst threat radars operating in
the 8-band track mode, Uelng the technique of Inversa-modulation deception,
the TRIM 7 automatlcally repeats pulsed algnals recelved from radar threats.
Flve deception modes are available;

(1) Inverae Modulstlon *ode (IM)., Deception 1a achleved by amplifying and
repeating pulsea that occur In the troughs of the elgnal from the conical acan
radar. The conlcal acan frequency muat be detected in order to achieve ef-
fective deception.

(2) Swept Atomatlc Mode (SAM). A aignal from a local ampllitude modulation
generator ls used to time the occurrence of the repeated pulssa, The frequency
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of this aelectable signal simulates the spin frequency of the tracking conical '
scan rader, The simulatad acan modulation {s automatically swept from about I
4 Hz below up to the selected frequency st a 3-second aweep rate,

(3} Varisble Amplitude Modulation (VAM).. This te {dentical to the SAM mode
except that the frequency of the simulatad scan modulation {8 set and now swept
from 4 Hz below the sefected frequency.

(4) Inverse Modulation/Swept Automatic Mode (IM/SAM), ™ |

(5) Inverse Modulation/Variable Amplitude Modulation {IM,VAM), The IM/
SAM and IM/VAM are combination modss in which the timing of deceptive pulsece
is aseumed by the IM function whenover the scaa modulation of incoming signals
can be detected, When the scan modulation of the threat radar 1a not detectable,
the pre-selected SAM or VAM frequency determines the timing of the RF out-
pat ai:oals,

d. Tbe Vector/Sector Control performs the combined function of a direction
finding/warning recelver and sector control for the antennas of the TRIM 7
main units, This unit provides visual and auraf alert signals when threat
radare {iluminate the aircraft and instantanecusly Indicates the relativs bear-
ing of radars. Relative bearing and radar hand of the threat radar are indicated
on s cathods ray tube, If several threat radare (lluminate the aircraft simulta-
neously, the bearing of each ie displayed. Tbe length of the strobe provides an
tndication of the range to the radar, with the strobe length Increasing as radar
range decreasee, The eystem was operated during all operstional minaions but
no radar threats were detected,

9, AN/AMQ-17

The Aerograph 3et, AN/AMQ-17 I3 an alrborne aerological instrumsnt used to present
sccurste measurements of temperature, pressure, and bumidity. It consiets of an Indicator-
Recordsr mounted in the bow atation and an externally mounted humidity/temperature probe,
The serograph set provides continuous readout on counters as well as printed data chart of
tha messuriments made for selected time Intervals. The set s uned primarily for messuring
temperature and relativo bumidity at altitude to provide these variablea for analyzing the
data obtained from the Infrared sensore,

10, DIGITAL DATA SYSTEM

The Digital Data System ie a mission Information encoding, Indicating, and storage ays-
tem that providee data matrix Information for pbotography and DLIR imagery and providea
post-flight printout of aircraft tactical mission data, Time and misaion data are supplied to
the system from a programmer aod the Verdan computer respectivsly. Visual display of
time. to the aecond, s provided for use of the flight crew. Misafon data {s simultaneously
converted to serizl data in binary-coded-decimal form for recording on magnetic tape.
Ground data reduction cquipment provides a modified octal printout of mission information
for each second of tima. Converefon of the modified octal data to decimal must be accom-
plisbed manually, which is a tedicus and inefficlent process aud permits the proceasing of
only the most easential miesion parameters for specific times requiring data correlation,

To obtaln plain language printouts of miselon data, a costly [BM computer would have to havs
been bought, For thie reason, the system was rarely utilized. The information recorded by
the Digital Data Syster: is as follows: Tims, Latitude, Longiiude, True Heading, Ground
Speed, Truck, Drift Angle, RadarAftitude, Ro!l, Vertical Velocity, FLIR ti}t, LORAN

Time Difference "A”, LORAN Time Difference *B* and Barometric Pressure,
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11. MARK II PANORAMIC CAMERA SYSTEM

This system consists of a Hghtwelght panoramio camera and mount manufactured by
Perkin-Elmer, Inc. It takes succensive 130-degree exposures hy means of & continuously
rotating scanning head prism, a 3-inch E, F. L. F/8 fixed obhjective lens focused at infinity
and & mirror which projects sweeping imeges of e 180-dem ce fleld through a focel plane
slit. The resolving power of the opticel system: I8 40 lines/um. The camers uses 70-mm
standard hase film supplied on 1,000~foot reels, It is strictly for daytime use and was used
only during one day famillarization flight over Route 110.

12, KA-53A CAMERA SYSTEM

Thie 1a ar alrborne reconnalssance systcm mapufactured by Chicago Aerial Industries,
Inc. It hae & 12-inch E,F, L., F/3.5 to F/6. 7 fixed objective lens focused at infinity. It uses
standa=d 5-inch by 250-foot long “ilm. 1t is & high resoiution camers which is capable of
operating within a wide range of altitudes and ground speeds. Tactical miseion data ie pro-
vided to the system from the Digital Data System and is annotated on the filn. The camera
is uesshle In daytime only and was Installed in the aircraft for the purpose of substantiating
the accuracy of the data provided hy the navigation aystem,

13. EXPLOSION SUPPRESSIVE FOAM

8. The fuel tanks of the alrcraft were packed with polyurethane foam to prvide ex-
plosinn protection against ground fire. Seven bundred and five pounds of foam wers
required, and the quantity of fuel displaced had no significant effect on aireraft

range.

h. The foam produced no sdveree effect on aircraft operstion. Periodic fuel samples
were checked for contamination level, and 211 resulis were well helow aliowable
Hmite, The alrcraft accumulated spproximstely 400 hours of flight since instal-
lation of the foam in January 1967, No builet hits were received hy the sircraft.
It te believed that the operational experience gathered from this pllot preject has
added significantly to the existing data and raised the confidence level in the une
of thiz material, which is receiving universal] {nterest,

14, STARLIGHT SCOPE

The starlight acope 18 2 amall, lightweight paseive night image intensifier device con-
aisting of an ohjective lens, image intensifisr tube, eyeplece, power supply, and reticle
assemhly. This particular cevice differs from the standard {tem In that it has & 4)-degree
field of view and {s & ope-power scope. The standard starlight scope has g 10, 4-degree
fleld of view and has & magnification of four times, The weight of this scope 1z approxi-
mately six |b, and ite dimensions are spproximately 14 inches x 3 1/2 Inches. It ie not
mounted to any part of the alrcraft, aad its use on thiz program was limlted to heing hand-
held by the bow operator, It served very effectively as & road-following ald.

15. TARGET MARKER

8. The target marker carried on board the alrcraft was g standard Mk 24 parachuts
flare, but modified by removing tke fare candle and adding a compensating weight.
The 10 -foot diameter parachute wes costed wtth a chemlluminescent material
which glows with a non-heat producing fluorcecence whon exposed to alr, The
paracliute canjster is dispensed from the sonobuoy chute of the alrera® and con-
taine & pyrotechn!r timer for deploying the pirachute,
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b. During tests conducted in forested areas of Laos and Thailand, the parachutes,
when dropped, druped over tree canoples and were easily vielble at three to
five miles from 1,000 fenat altityde. The emitted light deteriorstes to sbout
S0% in eix mimitee and becomee non-vieible after about 35 mimztee,
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GENERAL

This report discusaed an evaluation of the infrared imagery produced by the two D-5 infra-
red scanners, installed in a tandem configuration in the Muddy Hill aircraft. The Imagery
reviewed was collected during the period 20 September to 17 November 1967, This evsiuation
was conducted during the week of 20 to 25 November. A totel of 31 flights which produced 55
lengthe of film totaling 4300 feet of film were screened for this evaluation,

OBJECTIVE

The primary objective of this analysis was to evaluste the D-5 image quality, and to de-
termine its effect on target detection.
EVALUATION

To perform an analytical evaluation wihin the limited time available, the {ilm perametera
of contrast, densily, yesolution and malfunctions were aelected and graded Independently ta
arrive at a general Image quality rating, The grades of poor, fair, good and very goud were
quaiitatively assigned to each of these parameters. Weather conditions, flight profiles, anu
time-over-target were aiso noted if it was felt that they influenced the Image presentation,
Operational USAF RS-10 imagery was used as the basls for quality comparison.

A total of 21 test flights were made during the test pericd. Moat of these were flown in the
vicinity of the Udorn Roysl Thal Air Forrs Base, to determine the resutts of equipment mod-
1fications. Sixteen of these flights were made during daylight bours with nearly ideal weather.
The remaining nine flights were made at night. Out of a pos3ible 42 film strips (2 per flight),
39 strips were recorded, On three fights, one of the scanners falled to produce eny fllm.
Eighteen f1im atrips, representing 43% of the total avallable, were grided fair to good.
Twenty one film strips, representing 50% of the total available, were ruted good to very

geod In generunl fiim quality,

During the 10 operational missions flown over Laos 19 iim strips weze recorded from
both systems. Only once did a system indicate a film drive stoppage during the operationsl
phaae, Twelve {ilm strips representing 60% of the operutionsl {lights received fair tn poor
ratings, Seven stripa representing 35T of the mlssions were graded good to very good in
image preaentation. The times over target and area flown definitely led to the poorer quality
of the operutioral flights, It must be noted that the parcentages are valid only to a relative
degree due to the amall statistical sample used,

Both systema were continually plagusd by problems and malfunctions during the avaluation
period. Electromagnetic interference (EMI} resulting in stristions, banding, videc sweep
loss wnd noilse spikes on the f1lm record was the most prevslent preblema encountered. These
maliunctions definitely degraded the detectabliity of vehicular type targets aince their subtie
returns are degraded ioto the buckground nolse. This luterference can generuily be attributed
to external scurces such as the dogpler asvigation radar, IFF, and 400-cy<le line nolse. The
alrcraft possesses continual trunslients and generaily most other slectronic systems were
affected {2 soms degres,

Iucorrect equipment galn and level settings degraded much of the DLIR Imagery. Subtle
targeta such as sampans and camouflaged vehicles are not detectable without optimum sys-
tem setiings. Level shifts in both contrast and denslly affected much of the imagery during
the early part of the program. This was partly due to the short tims constant of the origiosl
D-5 scanner and waa aileviated aft~r the tims constants were adjusted to agree with those
of the RS-10. Variation In printing contrust across the scan, commonly termed shading,
contributed to a loss of target information. This shading was preveient during the latter psrt

of the program,
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Roll stabilization problems which caused ground objects to appear "jittered" on the imagery
reduced the probability of target detection. Both target size £nd shape were distorted by this
malfunction,

ASD-TR-88-8

Each scanner had unique problems sesociated with that system. The aft system had roll
stabilization snd noise prohlems while the forward syster. wss continually out of focus, This
poor focus condition precluded the fine edge definition required to properly identify targets
a8 found in operationa] areas, T*~ focus problem degruoed the effective spatial resolution to
1,35 milliradians in the forward ecanner. Rear scanner reschition was determined to be
0,69 milliradian,

Thase were the most common system problems which were evident during this DLIR il
evaluation. As & summary, s list of conclusions and recommendations have been compiled.

CONCLUSIONS

1, The DLIR D-5 systems were incspahle of detecting vehicles in en operationsal envircn-
ment with any regilarity,

2, Image quality and presentation are definite factors in the detaction of subtle targets
such as camouflaged trucks infiltrsting through southern Lacs, Comhined D-5 image quality
over 10 operstional and 21 test flights was rsted only fair to good In overall presentaticn.

3. External eioctromagnetic Luterfecence resulting in striations, banding und noise spikes
was the major factor in image degradation, Noo-focused optics, poor contrast and printing
deusitive also prechuded good image quality,

4. Westher, flight profiles and times over target were insignificant factors in determin-
ing image quality during the test program.

RECOMMENDATIONS
1, Future systems should have provisions for monitoring and adjusting ths signal and
printing ievels to compensste for varying terrain and westher conditions, An inflight display
would be useful for operator cantrol of terrain presentution,
2, Fcture systems should be isolated from external sources of electromagnetic inter-
ference efther hy physical separstion and/or electrical shielding. This systems power re-
quirements ahould be flitered also tu minimize electrical noise.

3. Future systemns should have proviesicns for eazy optical focussing and collimsators
should be used to maintain the critical focus. .

4. Future test fights involving infrarec systems should be conducted st night to yleld
reallatic results. Test flights to eliminate nolse end interference are an excepticn.

5. Rezolution targets should be overflown at the beginning and end of each mission to
roadily detect any system degradation,

8. Additional systems for apares should be svailable in future programs,

7. All future systems shoula be tosted and evaluated over CONUS ranges such as Under-
hrush st Egiin APG prior to operstionsl deployment.
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